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Tl - Multilayer piezoelectric transducer polarization for mobile telephone, 
involves performing primary and secondary polarizations, such that 
degree of remanence after secondary polarization in piezoelectric 
layer, is less 

PR - JP20010025160 20010201 

PN - JP2002232032 A 20020816 DW200270 H01L41/22 011 pp 
PA - (MURA ) MURATA MFG CO LTD 
IC -H01L41/22 

AB - JP2002232032 NOVELTY - A unidirectional electric field is 

impressed along width direction of a transducer, so that primary 
polarization takes place uniformly. The electric field in the opposite 
direction is applied to the piezoelectric layers (1b, 1c) on both sides 
of an inner electrode, so that a polarization axis on one side of the 
layer (1b) is reversed. A secondary polarization is performed, such 
that degree of remanence after the secondary polarization is less. 

- USE - For polarizing multilayer peizoelectric transducer used in 
mobile telephone. 

- ADVANTAGE - Polarization of the transducer is performed 
uniformly. Field is improved. Favorable resonance characteristics is 
obtained. 

- DESCRIPTION OF DRAWING(S) - The figure shows the polarization 
distribution of the piezoelectric transducer. (Drawing includes 
non-English language text). 

- Piezoelectric Iayers1b,1c 
-(Dwg.4/13) 

OPD - 2001-02-01 



©WPI/DERWENT 



AN - 2002-650453 [70] 




w)B*®&m up) (12) & frfl 4# 1^ & $H (a) (loawtL. 

#132002-232032 
(P2002 -232032A) 
(43)&BBB Wa4^8S16B(20O2.8.16) 



(51) IntCl. 7 
H0 1L 41/22 




FI f-73-r(##) 
HOIL 41/22 • B 

Z 


(21)ffiJU#^ 


#182001 - 25160C P2001 -25160) 


(71)ffi©A 000006231 








<22)tf»H 


¥*13*-2M.ie(200h2.1> •. 


■ ^^TOrfT^#=Ti26#10^ " 






<72)f£5J!# *»' »M 


















(74)f«A- 100085497 
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(57) 

[US] BWE«*co^«K#*fc^-ft:L. CUP«oi*i 

[Wft*R3 M^Elftl la-Id fc4lB»<Orta« 
&2 a-2 c tSawBW'U ^3EW 1 b , 

i c zm*xmzxwzmirMzftmi-mmfmfai 

&IS t s Fl^m^ 2 b OMffl^ElftJf lb, 1 c tC 




-r*«JiEw**5aa*ft. 

IE8USEtB;i*^«^*ffi](c® 1 <JO*i*ii: ajrmw«#$ 

% i oiBT»«sfifc«*E«ft^aM*Hii^ 

e***^fc«rW8fc+4 If *« 1 CISttOfMEVtt 

c«f«a3] «»oEtMt*ft^rt«)t«fci3a: 

ttffiwM{i<z>E« * s v HciifS] & Kaffir & 

±Ert««aoH«oE**ite, -a*ffi- 

int. rt««*^)PIIH^E«tWl^*«»tKiBS-fr* 

-a^aaWMS**** P r , l:JBi&v*SfflTlT*»ft. 
*«Ii:S:^i:t-«>*ylE«ft^ffi^ra, ■ 
[WW 4 ] ±E-*»a«i7'Dv^«o8WE«*ti . 
'ttLTfr&Ml, Z^aiirny^ttcoaJiE*** 
rt«WBWt LTMfcSflfc 1 aHF*^»CflIBf IT 
44»ff*««JiE«*C**Lrfffch*itt»«i: 

(000 13 

7</^iifte«ffl**i4«lE«H«o#a*tt, 4ttc 
«kOE*fWt«»Ort»«afc«r3tSt««L, K 
£ 3 Emft! £ m^^zs. v " Hcifcfrfa tc^-f £ fti 

[00 0 2] 

3 ft*, «ttORltS*JK^S<s *r 
'J ^/h$ < , ftSfflfttt c g£«Mlttft£ com d f 
£:*#<r#*JI*^-KE E&SIWft ft ZtiX^h 
(WBWl 0-4 3 3 . HlttiO*^*- 

KE^i^l OMJr^t, Em^ri Oii, IS 



ROEWM 1 2 ^^O^fPl^ 1 3 fc 
SftfcStt 1 1 rtSTOS 1 3<«$lc7)EmWI 

1 23WEv>teartj*fc*asnrv^. nti io*tm 

4, 15 *4>WO±te»SS«ai 6, 1 

pwtii 3t«LT io*j*tassicaastLt. ^ 

O J: 3 1 0 ECttl 1 2<3 

m^y 7 * fc I lHX=Htt?to#W& <y V* h ti 
[0003] Znm<0JBt£8S=Fl±s 7'u ? ?tft<wm 

E&tfctfB&i* ztiZftmu^ Mfttzztxm 

~~^ME«IR*~S^rT£^^ 

«tel»Jlfc:«HS*i«:fcO"C**. E«#JS1 a-i 
d60l3tciil*|gPfeS2 a-2 ctfffl-tbti. flStSfii2 
a-2c(iE«*ltf)mmfc:2£S(c3l*ffl8ii. Hffi 
■«ffi3, 4.k^*ftTV^, f L/C, -ffllEUffiS, 4 

ffl^EUt** lb, 1 c P tfti: 3 CSV Hci£ 

[0 004 3 tdo^s H20J:3«*6"Ctt,- 
@2 a-2 cOSatc«^*^*-tS^, »SK#* 
t<ir 6iv ^ v O raa*«* ofc . H 3 ii 1 ooE 

^a-f. J: o 1 fc« use**!*] 

EP^o^^ k , El* 1 ^HBlS^aKj^ L 
< X < 0 ( IMPR** ) . ^IIM^ 
v\ COi9^fflS^*qr^--'S:E««c 

^ cofflfflS^EHWittS t' * 4: < ^ 0 . E«*^«ffl 

[00053 mi\ijy-m74wizm^t>tiz&fl 

£M=? (f r = 450kHz, df = 55kHz)mo 

«)BEtt*S:ia2^^'3^*sr«'ffi-*-£k; 

d f coif \m 1 0 k h z (c tau** 

[0 00 6 3 sfcHEBHAtt. aiE«*W«l«1 

co^^S^$^: (»aRlK) . 3rM^ft«*»5*a 
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Ztm Ltz (*MH2 0 0 0-5 2 74 3-^) . w 
ffl60««Sr^tr#ffitt2:Eie$-li:&fc, AP 2 
[00 07] 

L£ 5 . f Jble<50*St*ffitt3&«j»ft#OS« 

[0008] fit, #«SIO@Wli, 3SJIEt|fr:£ft 
[0 0 09] . 

OTE«*teWL*»*«te-*rtitf«*t9ijBL. « 
**fl£-«C#ffiT*-K#axafc, ±Ert««a 
^Mfi!l^E1S^/itC5V^ic5£fS]#^ia^$:q3j[iat, 
lK^ro^E«#)l^#«5lft^^^RKS"*^z^ 
aEffllfc**iJ ±Hza:*«i. *B*^KCLfcE. 

W*« 3 tcCttojffiHli . &&<7>Emfr/i i: ®$tf>i*]^ 

v^*ftfc#fii--6WlEtt*o*ffi*^c*3^r, 

±te^^«^M»Em*ii(c5v%^5£f6i# cotg^^ 
Mo L . ^S^tfOi^lItoElSft/erSv Hc&fr & 

«tft-**«iai:, ±Ert««ffiOMIl!IOE«ftJS 
* GBttn L . fi$m^M{fOE^fr/I<7*ft« 

£ s * s z##axa tzmi. Hzz&ftm*. 

Wr 2 *Mfc#ffift^S#ffiJRP n fcjM*.*^ 
[0010] m*i| l -cii, L***.fo 



* turn l . ft &n&<vftW(Vk£mkm<n#wto 

<MHI) *tf5tt, rt«W2a-2 c £»J1E« 

f LT, 0nD«fl3. 4Hfc:«8nWS:a3jirt« 
i fctci 9 . rt««ffi2 bcoMffloE1S*« lb, lc 

E«Mlbfl»ai*0**R]EStfS Cl&#1£) . 
AttVC2boffiM^)EttMlcti1fA-a$^. 

[0011] *ffi&&, Z&&m&0#&kfr*%l - 

ffi£#3 2ooE«*JB lb, lc fcfe(t&#aflE#* 
£ * r / L t ^ L fc t> ♦ £91 2 

^fi^fSlar^t, ( a ) tt-aC^att^aflE^ffiTft 
0 , *fcEHft#tf , ( b ) - ( d ) JiZ^ffi 
c03(6tfKff3*aflE#*<03EftS^. Pnli 

-a#a*u:*8w#a«, pr 2 (ir^atcj:^^ 

bO#aflE**«i. #a«3&*KKLfcStl»i (b) , 
W ( d ) ^ok:G3«fc:SWfc«. ^fc, E86T*i 

( b > , ( c ) t:fclt^E*ft:Jl 1 b 0^ffi«#ffi*«fl 

Em^/ii btf)*aflE#*tt-a#aB*fcH«40!i«o 

#aSiifeE«JMI 1 c^ffiJK^ia^^i LTGfl« 
CO £ ± Th h • -Ltztf X . (.d ) o Izteftmrfm 

mgtzmxu. #aRCL3tE«*«i b*>#a* 
fcngttfcio. E**^»tLr*6t*-«r»a«» 
[0012] fit's nsvi rii, aawtfseuc 

«««Pr t *«-a*a»<oH»*aflEP 

P rj ^P r 2 

ic^J: JiitWf; #a*A*EKLfcffa*« 1 bO* 
a***3&*i£i«* l» V Mi 7 7 -y h T\ L^r 

isnh LTia*^a«#*i:iHi«^aflE»*fc*qi 



Pr 2 ^Pr x t-^tUST. (c) Oj:3(C20tf!) 

lib/ic nftw&zki* ztftuav l < \ 

[0013] K*B2T1i, -<WWXS#* m/SES 

*^/s^i6jfc» i <o*rtiofiff ^Epjmt i oxa 

£mnth&2cr)Xnt££&. m2VXmz2:-oXm 

sit* £fc««fcXTtf -<xm\ h 

( t S *ffiJK^^^- £ £JEt I) d £ 

x\ -<zftm&comm<omm^T^-i>%JE 
[0014] n«93 rim&aneflojE* 

"\ £i\ rt»«ffi2a-2cS:WiE1Eftl^ffl® 
CxIC^I^l, C:ft<*rtS1Sffi2a-2cfc$irr 
*ffljffi«ffi3, 4«n/f LT. SJffi«ffi3, 4 
roc***** Wirt"* £ fc te J; 9 ; rtSttffi 2 b <dm 
loEmi 1 b , 1 c SrSVH3IMl* WrtW* (- 
• ico*«xaii, ft* (B2M) fcfcft* 

fl^lBtWteEpJn L , rtS«S 2 b Oil PJcoE^ftl 
lb, .lcO#ffi«&H«(cR|g§-e:«& . 

do^L , bwiwwsLt&miM lb, ufcu 
tt h xmm^commm. p r 2 3&*-^«iw)«® 

t^zi^ ram^ b conmcoE^m 1 b , 

i b , i c coft^&mm t iz% o , 

ttrll&^U;:, 2oo/f lb. lcO»^! 



[0015] B8ttH7fcii^S?2a#«*fT->fc 
%£<DEt#/I lb, lc fife It *»«K#W»8fl:£ 

ag*^«T**) 0 . &£tHI«#ffi£**a . ( b ) - 

b, \c<nftmmHimL<. zmm.mtmz 

H^*irz<fc#6£fr3*:, (c) co«to(c2oo 
lib, lc^(;777bJ!)l)iW^flM7ii 

6£&fir+* i " _( a") ~<6x ijzmmmt " 

[ 0 01 6 ] m&4CO£ol l z > -»#«5IS£:/n-/ 

C7'n >y 9 ■«OWiE«#CC*f LT ff * 3 <03&« J: v 
d.tc 3 <X7cWfc9Bift '7n y ^«JEiO i 

[0017] tt&H l o*&^fi % HX#B*ffofc» . 

JSfcL-C^S. za#*feffo)tOTE«*«i* 
oMd f fr**rc#Suefcl/0**. i^<fc5tSi»* 

-HoR4*2Wo#aefe*o4*a«r**v^) 
t\ -a#aa^awE«*oi6# o »^ d f t 

fiHa^^RftK^KtraS^ffiKPr! i:t>X<^ 

^aa<?ai«E«*i5o*s««o?i f Srs^as^^ 

Pr L , Pr 2 ftJtK+Swt'C, xai^soBBt* 
«trv^ # tf*3B3o»^fc:ii. -^^ff 

m$^m%%&Mzm%iKmfr^m&zttfX'Z 
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[00 18] 

y ? X£oV vt\ — <WM5?)8S#ffiS P r L = 50 k 
Hzh Lfc«£fc:. Zfc#ffifl£Plo«E£^fc$tf£# 

nmmx-eyfttimtfEErt'hm (asRfiBfc.ttio o 

«Pr 2 <0^ff;£^U 01O«H9<OA— F<50£ 

OJl^iiO. 56mmi:U:. 
[00 19] (19. I.10^^^J:3(:, « 

ZfttfffiOttEtfift 1 0 0 0 vftififc** 

<K#ffi?>1tE#9 0 0 v-^j l 0 0 .0 yftisic** * jC 

J^r. £<^^oz&#|goi£Ett; p.rj.ap.r., 

^OicSl. Oi09 OOy-1 0 0-0 vtfjffiHfc^Kif J: 
K ■ : . . 

[ 0 0 2 0 ] . jE^MTii 5 0 0 v ^^i.s i'C 

-TfcUSrv^ H9, HlOKtt, B#ffifrofcE*ftl 
teovvcttBHsLTivS:*^ ff#SJI*!>*£fc(i, z 

4T«#ihr -&ttffio#^£j8;tT&*>T. Z& 

:oo2i] tmc *«BBtc«&ajiE«ft^ffi* 

*-KE*#J» (df = 55kHz) <6*ffi£lTP 
ZT#*)»lE*#:*fflvtf:. • ■ 

[0022] CJBllfetfcM] HI littlXttHOAS 
^-KE^H^O^itxm^^t. 41\'Effi-fc7$ 

£M3iU £;h.£2Sfc:SJBU ttl 2 0 0'CT*-fr«f 
t:MLT20mmX30mmX3. 9mm07by? 

1.5k v/mm , ^B#fgJ : lOmin, ftftfflJS : 

7 ox:r-«fc Lfc. 1 5 otx i h ro^fr 



[ 0 0 2 3 3 -»©^7D y ^tt&JSEfl* 

3, 4«r»jfiLfe. <£Lt\ £0«BEtt#.lSr*Vir 
-fcffl^T. rt««a2a'-2c(C«LTSa:i:*rtt: 

Z<fc#ffi£frofc (HI- lO (b ) #BS) . £0*, ffl 

WlltZo Z<Xft&<V%mi. Wfr : 1 . 5 k v/mm, 

W5&0#«S ( * - K3£FO#ffi« d f = 5 5 k H 
2teWJBL^:«fllW)*aK) fclHSLfc. *Ott.'2 5 
0'Cx l h rOftfrrx-yy^Hfrff-jfc. 

[0024] za»«^«Hii, za#a»^aflif 1 a 

BiKfcrSWLftiKaB^SKPr, > SjBii^ffla 

P rj £P r 2 

Z&#«£f£OMil 1 AK*f U IRISCSffi LfcfflE* 1 

ZtlZP't I? - — T-Wfflf LT, 1. 5mmXl. 5mmX 
3. 8mmO*$^-HEtiftli^l Brf«^'(iai 1 
CO ( c ) MR) . i^)E«*«T l B^JlMcnttitU. 

coo2 5] ibmm^mimmtmm^mxy'n 
ftMKmftcommmmzmfam&zmiii. ftfaZfti 

tz (m*m) . tfffifcttli," : 1 . 5 k v/m 
m/«»ffljK: 7 O'CX'-fctLfz. ftm&rfflZftlWL 
X. Eff^O^@JKDF = 2. 0±0. 2kHzKU®L 

<7>&. 2 5 0*Cx 1 h rOWftX-i/V^S^fi 

[0026 ] ilEOJ: ^ t LTfl^tU: 2Sa^a»^ 
^if^^^ttT. df »5 5kHzOfl[Srt» 

. « i . k 2 ii , *tt4Miiia i mm\ t tm 

[0027] 

tan 



-«1 JHWI- 



df 



56. 15 



0. 90 



58,5 



54 



4.5 



55. 82 



0. 92 



58.5 



53.5 



55. 03 



0. 90 



58.5 



52.5 



i$.QL : KHz 



55. 67 
0.91 
58. 50 
53, 33 
5. 17 



449. 72 



450.8 



0. 90 



454 



448 



1.03 



454 



447, 



450. 13 



449T1 



1.10 



454. 



447 



7.5 



[0028] 



WW 
[£2] 



1.01 
454. 17 
447.33 

6. 83 



KHz 







□ 7F0J 




Q f K§) 


□ y Ki> 


Oy K§) 






ave 


56. 44 


56. 22 


56.41 


56. 69 


56.31 


56.41 




0 n-l 


2. 16 


1.97 


2. 09 


2.01 


1.97 


• 2.04 


df 


max 


63.00 


62. 50 


62. 50 


63. 00 


63. 00 


62, 80 




min 


52.50 


51.50 


52. 50 


■ 53,00 


" 53.00 


52. 50 • 




r 


10.60 


a. oo 


10. 00 


10.00 


10. 00 


10. 30 












*{£:KHz 










□ * Kg) 


a v h(3) 


□ * Ki> 


a y Kg). 


TOE 




ave 


448. 99 


445.69 


• 448. 63 


448. 96 


447.88 


448. 63 




5,.i 


1.37 


1.41 


1. 19 


1.29 


1.15 


1.28 


fr 


max 


452. 50 


452. 00 


451.50 


452. 00 


450. 60 


461. 70 




min • 


444.50 


443.50 


AAA. 50 


445. 00 


444. 50 


444. 40 






B. 00 


8.50 


7.00 


7.00 


• 6.00 


.7. 30 



<7 n -i WMtftUti t.mx mmmvii i . ■ o i 

kHz. tUSHHTIi 1 . 2 8 k H z T* 9\ ftSM&K 

[00 30] C&29Ofcffl)H12ttg23m0j|0ft3 

7 a y ? 1 OTO?Hfc#«*«MIllBfc L ( d 1 2 <0 
(a) fc«fctf (b) , 7D7^1^CIoT^ 



( c ) T£ffi 1 A£# >/ f> LfcRWC* ^ffi 1 

aibs ±iflM» i Artw^sastf 6o* ■( go«»*) 

4MW%-ft8i«. ( b ) wia^HHBilB 
[003 1 ] «3li, »2WIWfcfcii*#«ed f *J 

0. 8 5kHz,*j|^iliaf rWW«itf„.i <0¥ 
iW«i0. 96kHzT*9, « 1 Idttflfctt'^ 8 

[0032] 
'[«3] 
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-^2 



[0033] Cm3H^n HI 3(iK3XttflOAd 

U <Iii££5l;:&J§U #Jl 2 0 0*CT*— fWtc^t 
l"C2GmmX30mmX3.. 9mm^yD7;W 

iMMSEtrlfofc (il30(a) «gB) . 

frli. 1. .5kv/mm, #ffi!§IH : lOmi 

n, ftttaut': 7 Or-C-gfc Lfc* 1 5 0*C 

[ 0 0. 3 4 ] mz, x-y'y^yn y ?tt»JBEtlt 
U Z&#&£*to*: (Hi 3<0 <b) #53) , -co 

1. 5kv/mm, ftSiUE : 7 0 a CT-£i: Uw. # 

•&gdf = 55kHz (C*f£5 LfcJMftf)#B* ) KiJSS 
Lfc. 2 5 0X:x 1 h rOft#tx-y>/«l 













¥*3fe 
53.80 

0. 85 
56.83 
51. 17 

5.67 

449. 05 
0.96 
451.67 
446. 17 
5.50 


df 


ave 


^ 53. 93 


53.44 


54. 03 


a «-! 


0.96 


0.71 


0. 87 


max 


58.00 


55.00 


57.50 


min 


50.00 


51.50 


52. 00 


r 


8.00 


3.50 


5. 50 










: KHi 












fr 


ave 


449. 15 


448. 93 


449. 06 


<?„-. 


0. 85 


0.97 


1.06 


max 


451.50 


452.00 


451. 50 


min 


446. 00 


446.00 


446. 50 


r 


5. 50 


6.00 


5. 00 



— 

ft. 

Pr, ^Pr 2 

iflt^f-F-'t'flJBrLT, 1. 5mmx 1 . 5mmx. 
3. ammOfi^^-HEtt^fi^lB^^. -^E 

m^^^ i b oflBtt m i nsfiwoEw^si^i t-c 
[00-36] santfiwtcfcit&Ett^ffi^ t . mm 

Ltd f = 5 5kHztf«i»fc, £4<i' 3S32£Mlj 

Htf„-i 1. 03kHz,»Mfr^ 

W&m&G a -i <0¥%IHiO. 9 2 kHz?* 0, 
JKd f £D(f £>o£ lilf? 1 JWWCft****** V^, 
^SH»dftf r<o«f ^o#ii3oo^Mo*Tftt>/|N 

[0037] 
■[«4] 



-SS3Htt«- 









trT Itttl " 7 rVfe> 




55. 18 
1.03 
56. 83 
51.52 
5.31 

450. 81 
0.92 
452. 29 
447. 60 
4.69 


df 


ave 


' <54.72 


54.91 


55.91 


0 n- i 


0. 96 


0. 99 


1. 14 


max 


56. 53 


55. 82 


58. 15 


mm 


51. 61 


50. 44 


52. 50 


r 


4. 91 


5. 38 


5, 65 






















fr 


ave 


450. 62 


449.56 


452. 26 




0.71 


0. 93 


1. 12 


raax 


451, 90 


450.98 


454.00 


oin 


447.93 


446. 20 


448.68 


r 


3.97 


4. 78 


5. 32 



[0038] *%>tymmmix. ±.=mmmm%*- 

tibh <OXl'Z% v \ 'flRIf i " 0 1 1 -Sf i .3 X'\i. ^~i§ 



7)\ zajwtuasiiiiftOjELrvJ:^. 

?.«b)isif E«# b-T-*#B ff v \ fcfflM^m 
JiEttftfctt LTZft#a*fir e «fc o 7'n 7 

o T t J: v * L > ^mfcoaJlEWftl;:** LT -i«H5fc 
itfZK#«M?VtfcJ;v\ 
[00 39] Srfe. Ili»i:0^2ilPj (0 
5,6. M, .12) .fcfc % -Z&ftfflk* ftffl&tf 

oT, ^WiCii^<OMT«Z^«sa^ffi^:* 
[0040] t . 

fcKtt*>*ftic i-fitf ; see** s- 

«<0^a«cq**KCS«Z»:jW*ff3«^t:, # 

att**Kic Lsts«*ifc:*j tt * z<x#a»*>»s#B 
BtzauMKfr 3 £ o c uz<dx\ #att# t £ 

lTC ; Z^a«:ff±$-fr&C:i:* < -C^-6. ft 

a«^seL^E«^/s^a«^^Crtt*-5vMi7 

5 -y »a*#RlEL4:V«*ftJio»a«»**< 
DatfT'fc**^ IS/iE«ft±ttfcLTA*>* KB* 

-sr#aflE»*^»^4*ii. mmK^frzty 

[004 1 ] ff*iI2 KE*o:mc Jill*, 

a«a noECfM * s v Hi&ft » * - a 



«#itfe^4z^a«<5oas^a*Pr 2 

aSW)BW«aKPr 1 frtti^vVigSI-CZ^ffiSrff 
ttfX%%. ' 

[mi ] *mm&t*h&%mfr<o-m<?)®ffl$ 
x*hh. 
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(54) [Title of the invention] - 

Method for polarizing stacked piezo-electric elements 



(57) [Abstract] 

5 [Object] To provide a method for polarizing a stacked 
piezo-electric element which makes the distribution of 
the degree of the polarization of the stacked piezo- 
electric element uniform and improves the yield. 
[Solution] The method for polarizing the stacked piezo- 

10 electric element 1, in which a plurality of piezo- 
electric layers la to Id and a plurality of internal 
electrodes 2a to 2c are alternately stacked and the 
adjacent piezo-electric layers lb, lc are polarized in 
opposite directions to one another in the thickness 

15 direction, comprises a primary polarization step in 
which a unidirectional electrical field is applied to 
the stacked piezo-electric element 1 in the thickness 
direction, and polarization is carried out uniformly in 
the thickness direction, and a secondary polarization 

20 step in which an opposite electrical field is applied 
to the piezo-electric layers lb, lc on both sides of 
the internal electrode 2b and only the polarization 
axis of the piezo-electric layer lb of one side of the 
internal electrode 2b is inverted. The secondary j 

25 polarization is carried out to such an extent that the 

degree Pr 2 of residual polarization after the secondary . 
polarization in the piezo-electric layer lb Q.n which 
the polarization axis is reversed] does not exceed the 
degree Pn of residual polarization after the primary 

30 polarization. * 



(a) (b). CO <d) 




equivalence 
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[Scope of Patent Claims] 

[Claim 1] Method for polarizing a piezo-electric 
element in which a plurality of piezo-electric layers 
and a plurality of internal electrodes are alternately 
5 stacked and the adjacent piezo-electric layers are 
polarized in opposite directions to one another in the 
thickness direction, characterized in that a primary 
polarization step is provided in which a unidirectional 
electrical field is applied to the abovementioned 

10 stacked piezo-electric element in the thickness 
direction, and polarization is carried out uniformly in 
the thickness direction, and a secondary polarization 
step in which respectively opposite electrical fields 
are applied to the piezo-electric layers on both sides 

15 of the abovementioned internal electrodes and only the 
polarization axis of the piezo-electric layer of one 
side of the internal electrode is inverted, and the 
abovementioned secondary polarization is carried out to 
such an extent that the degree Pr 2 of residual 

20 polarization after the secondary polarization in the 
piezo-electric layer in which the polarization axis has 
been reversed does not exceed the degree Pri of 
residual polarization after the primary polarization. 

25 [Claim 2] Method for polarizing a piezo-electric 
element according to Claim 1, characterized in that the 
abovementioned primary polarization step comprises a 
first step in .which an electrical field of a first 
direction is applied to the abovementioned stacked 

30 piezo-electric element in the thickness direction, and 
a second step in which an electrical field of a 
direction opposite to that of the first direction is 
applied to. the abovementioned stacked piezo-electric 
. element in the thickness direction, and in that the 

35 polarization axes of the piezo-electric element formed 
in the first step are inverted uniformly by means of 
the abovementioned second step. 

[Claim 3] . Method for polarizing a piezo-electric 




element in which a plurality of piezo-elect^rc layers 
and a plurality of internal electrodes are alternately 
stacked and the adjacent piezo-electric layers are 
polarized in opposite directions to one another in the 
5 thickness direction, characterized in that a primary 
polarization step is provided in which respectively 
opposite electrical fields are applied to the; piezo- 
electric layers on both sides of the abovement ioned 
internal electrodes and the piezo-electric layers on 

10 both sides of the internal electrodes are polarized 
oppositely to one another, and a secondary polarization 
step is provided in "which the electrical fields in the 
primary polarization step and electrical fields which 
are in the opposite direction are respectively 

15 oppositely applied to the piezo-electric layers on both 
sides of the abovementioned internal electrodes and the 
axis of polarization of the piezo-electric layers on 
both sides of the internal electrodes is inverted, and 
in that the abovementioned secondary polarization is 

20 carried out to such an extent that the degree Pr 2 of 
residual polarization after the secondary polarization 
in the piezo-electric layers in which the axis of 
polarization has been reversed does not exceed the 
degree Pri of residual polarization after the primary 

25 polarization. 

[Claim 4] Method for polarizing piezo-electric elements 
according to any one of Claims 1 to 3, characterized in 
that the abovementioned primary polarization is carried 

30 out on block-shaped stacked piezo-electric elements and 
the secondary polarization is carried out on block 
shaped stacked piezo-electric elements in the 
perpendicular direction with respect to the internal 
electrodes, on strip-shaped stacked piezo-electric 

35 elements cut into sections with a width of one 
component part . 

[Detailed explanation of the invention] 
[0001] 



[Technical field of the invention] Tne present 
invention relates to a method for polarizing stacked 
piezo-electric elements which are used in mobile phone 
filters and the like, in particular to a method for 
5 polarizing stacked piezo-electric elements in which a 
plurality of piezo-electric layers and a plurality of 
internal electrodes are alternately stacked and 
adjacent piezo-electric layers are polarized in 
opposite directions to one another in the thickness 
10 direction. 

[0002] 

_ LPrior Art] In the prior art, a longitudinal-mode 
piezo-electric resonator element is provided which has 

15 a large degree of characteristic freedom of setting, 
small splices and large differences df between the 
resonant frequency and anti-resonant frequency 
(Japanese Laid-Open Patent Application H10-4330) . 
Figure 1 shows an example of a longitudinal-mode piezo- 

20 electric resonator element 10. The piezo-electric 

resonator element 10 has a substrate • ll X in ' which a * 
plurality of piezo-electric layers 12 and a plurality 
of internal electrodes 13 are alternately stacked, and 
the piezo-electric layers 12 on both sides of the 

25 internal electrodes 13 are polarized oppositely to one 
another. Insulating films 14, 15 which cover every 
other internal electrode 13 are formed on the opposite 
face of the substrate 11, and furthermore external 
electrodes 16, 17 are formed on said insulating films 

30 14, 15. For this reason, every other one of the 
external electrodes 16, 17 is alternately connected to 
the internal electrodes 13. I As the polarization of the 
piezo-electric layer 12 has a particularly large 
influence when a piezo-electric resonator element 10 

35 has such a configuration, there is a requirement to 
make the dispersion of the, polar i zation within the 
elements or the dispersion of the polarization between 
the elements as small as possible. 




. , [0003] This type of piezo-elect ric resonator Element is 
manufactured by forming block-shaped stacked piezo- 
electric elements and sub dividing t hem after they have 
; been polarized . The polarization treatment of the 
5 stacked piezo-electric elements is carried out by means 
of the method shown in Figure 2. 1 is a stacked piezo- 
electric element composed of block-shaped piezo- 
electric ceramics, and here in order to give a simple 
explanation of this a configuration with four piezo- 

10 electric layers la to Id is shown, but in fact a 
plurality of layers are stacked. Internal electrodes 2a 
to 2c are provided between the piezo-electric layers la 
to Id, and the internal electrodes 2a to 2c are made to 
extend alternately into the exterior side face of the 

15 piezo-electric element 1 and are connected to the side- 
face electrodes 3, 4. Then, they are polarized in 
opposite directions to one another as shown by the 
arrow P with respect to piezo-electric layers lb, lc on 
both sides of the internal electrode 2b by applying a 

20 direct current electrical field between . side-face 
electrodes 3, 4, and the specific degree of 
polarization is obtained. 

[0004] However, with the method according to Figure 2 
25 there is a problem that the distribution of degree of 

polarization is not uniform because the electrical \ • \7 
fields are concentrated at the ends of the internal \ 
electrodes 2a to 2c. Figure 3 shows an example of the 
polarization distribution in one piezo-electric layer, 
30 the oblique »line showing the degree of polarization. As 
is apparent from the figure, if the electrical field is 
applied to the piezo-electric element 1 in the 
thickness direction, the degree of polarization becomes 
appreciably higher- at the four corners of the piezo- 
35 electric element 1 (concave-shaped distribution) , and 
the uniform distribution of the degree of polarization 
is not obtained. As a result, if a configuration 
(block) in which such piezo-electric elements with a 
non-uniform distribution of the degree of polarization 




are stacked is cut into a strip shape, and the strip is 
further cut and used as components, there is the 
problem that the piezo-electric elements at the 
periphery of the block cannot be . used and the 

i 

5 utilization rate (yield) of the piezo-electric elements J 
is highly restricted. 

[0005] For example, if piezo-electric elements for use 
in serial resonator elements (fr = 450 kHz, df = 

10 55 kHz) which are used in radar-type filters are 
polarized with the method as in Figure 2, the 
dispersion of the degree of polarization within the 
block exhibits a large distribution of even as much as 
approximately 10 kHz. For this reason, as far as 

15 components which can be used as good quality items are 
concerned, good-quality components which can be used 
are only the components which are cut from near to the 
centre of the block and components from the periphery 
of the block mainly had poor polarization. 

20 

[0006] In this respect, the present applicants have 
proposed a method in which, after unidirectional 
polarization (initial polarization) has been carried 
out in the thickness direction of the stacked piezo- 

25 electric elements by applying an electrical field to 
the main face of the exterior electrodes facing the 
stacked piezo-electric element, side-face electrodes 
comprising internal electrodes which alternately extend 
out are formed and only the axes of polarization on the 

30 piezo-electric layers on one side of the internal 
electrodes are reversed (reversal of polarization) by 
applying an electrical field between the side-face 
electrodes, so that a specific degree of polarization 
is obtained (Japanese Laid-Open Patent Application 

35 2000-52743) . This method is based on the knowledge that 
even if, as shown in Figure 4, there is dispersion of 
the degree of polarization, of APi at the peripheral 
part and central part at the initial polarization 
stage, the distribution of the degree of polarization 



• # 

as far as AP 2/ and the non-unilWrm 



can be reduced as far as AP 2 , and the non-uni^Hrmity of 
the distribution of the , degree of polarization of the 
initial stage polarization can. be corrected, if an 
opposite electrical field is applied and the axis of 
5 polarization is inverted. 

f° 007] !u>, 
[Problems to be solved by the invention] However, if j 

the saturation degree of polarization Pmax of the j 

10 piezo-electric layer in which the polarization axis has . 
been reversed is polarized such that it becomes 
approximately " equal to the saturation degree " of 
~ polarization Pmax of the initial polarization stage, It " 
can be said that the dispersion of the degree of 

15 ( polarization has been reduced, and the distribution of 
the degree of polarization of the piezo-electric layer 
whose polarization has been reversed becomes concave- 
shaped in the same way as before the reversal. For this 
reason, if, by means of the above method, there is a 

20 configuration in which the stacked piezo-electric 
elements have alternately stacked piezo-electric 
elements with opposite axes of polarization, piezo- 
electric layers which have polarization reversal and 
concave-shaped distribution and piezo-electric layers 

25 which do not have polarization reversal but do have 
concave-shaped distribution are stacked alternately and 
when the stacked piezo-electric elements are considered 
as a whole there is the possibility that a uniform 
distribution of the degree of polarization is not 

30 necessarily obtained. 

[0008] In this respect, the object of the present 
invention is to provide a method for polarizing stacked 
piezo-electric elements which makes as uniform as 
35 possible the distribution of the degree of polarization 
of the stacked piezo-electric elements considered as a 
whole and improves the yield. 



[0009] 



[Means of solving the problems] The aborementioned 
object is achieved by means of the. invention according 
to Claim 1 of Claim 3. In other words, the inventions 
according to Claim 1 provides a method for polarizing a 
5 piezo-electric element in which a plurality of piezo- 
electric layers and a plurality of internal electrodes 
are alternately stacked and the adjacent piezo-electric 
layers are polarized in opposite directions to one 
another in the thickness direction, which method 

10 comprises a primary polarization step in which a 
unidirectional electrical field is applied to the 
abovementione'd: "stacked piezo-electric element in the 
thickness direction, and polarization is uniformly 
carried out in the thickness direction, and a secondary ~. 

15 polarization step in which respectively opposite 
electrical fields are applied to the piezo-electric 
layers on both sides of the abovementioned internal 
electrodes and only the polarization axis of the piezo- 
electric layer of one side of the internal electrode is 

20 inverted, and the abovementioned secondary polarization 
is carried out to such an extent that the degree Pr 2 of 
residual polarization after the secondary polarization 
in the piezo-electric layer in which the polarization 
axis has been reversed does not exceed the degree Pri 

25 of residual polarization after the primary:... 
polarization. 'In addition^ the invention according to ^ 
Claim 3 provides a method for polarizing a piezo- 
electric element in which a plurality of piezo-electric 
layers and a plurality of internal electrodes are 

30 alternately stacked and the adjacent piezo-electric 
layers are polarized in opposite directions to one 
another in the thickness direction, in which a primary 
polarization step is provided in which respectively 
opposite electrical fields are applied to the piezo- 

35 electric layers on both sides of the abovementioned 
internal electrodes and the piezo-electric layers on 
both sides of the internal electrodes are polarized 
oppositely • to one another, and a secondary polarization 
step is provided in which the electrical . fields in the 



r 




primary polarization step, and electrical fie?as which 
are in the opposite direction are respectively 
oppositely applied to the piezo-electric layers on both 
sides of the abovementioned internal electrodes and 
5 axis of the polarization of the piezo-electric layers 
on both sides of the internal electrodes is inverted, 
and in that the abovementioned secondary polarization 
is carried out to such an extent that the degree Pr 2 of 
residual polarization after the secondary polarization 
10 in the piezo-electric layers in which the axis of 
polarization has been reversed does not exceed the 
degree Pn" of residual " polarization after the primary 
polarization . 



15 [0010] In Claim 1, a primary polarization is carried 
out during which a unidirectional electrical field is 
applied to the stepped piezo-electric element in the 
thickness direction, and polarization is carried out 
uniformly in the thickness direction. Then, secondary 

20 polarization is carried . out during which an opposite 
electrical field is applied to the piezo-electric 
layers on both sides of the internal electrodes and 
only the axis of polarization of the piezo-electric 
layer on one side of the internal electrodes is 

25 reversed. Figure 5 shows an example of the polarization 
method relating to Claim 1. Firstly, front and rear 
electrodes 5, 6 are formed on the front and rear faces 
of the stacked piezo-electric element 1 and 
polarization (primary polarization) is carried out in 

30 one direction in the thickness direction, by applying a 
direct current electrical field to the stacked piezo- 
electric element 1 in the thickness direction. After 
this, the internal electrodes 2a, 2c are made to extend 
alternately from the outer side-faces of the stacked 

35 piezo-electric element 1 and are connected to the side- 
face electrodes 3, 4. Then, by applying a direct 
current electrical field between the side-face 
electrodes 3, 4, respectively opposite electrical 
fields are applied to the piezo-electric layers lb, lc 



on both sides of the internal electrode 2b and only the 
axis of polarization of the piezo-electric layer lb on 
one side of the internal electrode 2b is reversed 
(secondary polarization) . It is to be noted that the 
5 piezo-electric layer lc on the other side of the 
internal electrode 2b is merely re-polarized and the 
axis of polarization is not reversed. 



[0011] The present inventors discovered, when carrying 

10 out various experiments by changing the polarization 
conditions at the time of secondary polarization, that 
the distribution of the degree of polarization of the 
piezo-electric layer lb in which the axis of 
polarization has reversed is changed by means of the 

15 degree of progress of the secondary polarization 
(degree of residual polarization).. Figure 6 is a 
schematic of an example of change in the distribution 
of the dregree of polarization of two piezo-electric 
layers lb, lc which accompanies the progress of the 

20 secondary polarization. The arrow shows the direction 
of polarization, (a) is the distribution of the degree 
of polarization after the primary polarization, at the 
same time it has concave-shaped distribution. (b) to 
(d) show the change in the distribution of the degree 

25 of polarization accompanying the progress of the 
secondary polarization. It is to be noted that "Pri 
shows the degree of residual polarization resulting 
from primary polarization, and Pr 2 shows the degree of 
residual polarization resulting from the secondary 

30 polarization. As is clear from Figure 6, the 
distribution of the degree of polarization of the 
piezo-electric layer lb shows the convex-shaped or flat 
distribution as at the beginning (b) , (c) of the 
reversal of the axis of polarization, but it changes to 

35 concave-shaped distribution as in (d) in due course. It 
is to be noted that the distributions of the degree of 
polarization of the piezo-electric layer lb in (b) and 
(c) are convex-shaped examples but, depending on the 
materials, approximately flat distributions are also 



seen. If secondary polarization progresses far in 

this. way, the distribution of the degree of. 
polarization of . the piezo-electric layer lb becomes 
concave-shaped distribution (but with reversed 
5 direction of polarization) in the same way as at the 
time of primary polarization. It is to be noted that 
the distribution of the degree of polarization of the 
piezo-electric layer lc which is repolarized continues 
to be concave-shaped as before. Therefore, in the state 

10 in which reverse polarization has progressed . too far as 
in (d) , the distribution of the degree of polarization 
of the piezo-electric layer lb in which -polarization 
has reversed and the . distribution of the degree of 
polarization of the piezo-electric layer lc in which 

15 the polarization has not reversed both become concave- 
shaped, and if the piezo-electric element is recorded 
as a whole the distribution of the degree of 
polarization does not become uniform. 

20 [0012] In this respect, in Claim 1,. the secondary 
polarization is stopped when it has. reached an extent 
in which the distribution of the degree of polarization 
of the piezo-electric layer lb in which the. axis of 
polarization is reversed has become convex-shaped or 

25 flat. In other words, secondary polarization takes 
place to an extent that the degree Pr 2 of residual 
polarization after, the secondary polarization does, not 
exceed the degree Pri of residual polarization after 
the primary polarization. 

30 Pn > Pr 2 

In this way, the distribution of the degree of 
polarization of the piezo-electric layer lb in which 
the axis of polarization has reversed is convex-shaped 
or flat and the distribution of the degree of 
35 polarization of the piezo-electric layer lc in which 
the axis of polarization has not reversed is concave- 
shaped, so that the convex-shaped distribution of the 
degree of polarization and the concave-shaped 
distribution of the degree of polarization are, in 



total, offset against one another, or the^egree of 
non-uniformity of the concave-shaped distribution is 
reduced in relative terms, and if the stacked piezo- 
electric element 1 is considered as a whole, an 
5 approximately uniform distribution of the degree of 
polarization is obtained. As a result, the scope of use 
of the piezo-electric element becomes larger and the 
yield is improved. It is to be noted that if Pn > Pr 2 , 
the size of the degree of distribution of the two 

10 layers lb and lc becomes unbalanced but if the 
distribution of the degree of polarization is 
approximately uniform- there is no adverse influence on 
the resonance characteristics as longitudinal 
oscillation mode elements. In particular, if Pr 2 = Pr X/ 

15 the size of the degree of polarization of the two 
layers lb and lc becomes approximately equal, as shown 
in Figure 6 (c) , becoming equal in value to the stacked 
piezo-electric element with uniform polarization and 
exhibiting extremely good characteristics. 

20 

[0013] In Claim 2, the primary polarization step is 
characterized in that it comprises a first process in 
which an electrical field of a first direction is 
applied in the thickness direction of the stacked 

25 piezo-electric element, and a second process in which 
an electrical field of a direction opposite to the 
first direction is applied in the thickness direction 
of the stacked piezo-electric element, and in that the 
axis of polarization of the stacked piezo-electric 

30 element which was formed in the first process is 
inverted uniformly by means of the second process. In 
other words the process in which primary polarization 
is carried out, or polarization is carried out 
uniformly on the stacked piezo-electric element in the 

35 thickness direction, may be carried out once only but, 
as in the initial polarization of Figure 4, the 
distribution of the degree of polarization becomes 
concave-shaped and the difference. AP X between the 
centre part and the edge part is large. In this 
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respect, if the primary polarization is earned out a 
plurality of times and the axis of polarization is 
reversed over the whole of the stacked piezo-elect ric 
element, the difference AP 2 between the centre part and 
5 the edge part becomes small, in the same way as the 
polarization reversal in Figure 4, and the non- 
uniformity of the distribution of the degree of 
polarization in the primary polarization can be 
corrected. In this way, by correcting the non- 
10 uniformity of the distribution of the degree of 
polarization in the primary polarization, the non- 
uniformity of the distribution of the degree of 
polarization of the piezo-elect ric layers after the 
secondary polarization is also corrected. It is to be 
15 noted that the number of times in which the second 
process is carried out is not limited to one but rather 
may be carried out a plurality of times. 



[0014] In Claim 3, first, opposite electrical fields 

20 are respectively applied to the piezo-elect ric layers 
on both sides of the internal electrodes, and primary 
polarization, in which the piezo-electric layers on 
both sides of the internal electrodes are oppositely 
polarized to one another, is carried out. After the 

25 primary polarization, the abovementioned electrical 
field and an electrical field in the opposite direction 
are respectively oppositely applied, to the piezo- 
electric layers on both sides of the internal 
electrodes and secondary polarization in which the axis 

30 of polarization of the piezo-electric layers on both 
sides of the internal electrodes is reversed is carried 
out. In other words, the piezo-electric layers on both 
sides of the internal electrodes are reversed to the 
direction of the axis of polarization at the very 

35 beginning. Figure 7 shows an example of the 
polarization method relating to Claim 3. Firstly, 
internal electrodes 2a to 2c are made to extend 
alternately from the outer side faces of the stacked 
piezo-electric element 1 and side-face electrodes 3, 4 



Lected to these internal electi^rae 



which are connected to these internal electrWTes 2a to 
2c are formed. Then, by applying a direct current 
electrical field between the side-face electrodes 3, 4, 
the piezo-electric layers lb, lc on both sides of the 
5 internal electrodes 2b are polarized oppositely to one 
another (primary polarization) . This polarization step 
is the same as the polarization step according to the 
prior art (see Figure 2) . Then, a direct current 
electrical field of the opposite direction is applied 

10 between the side-face electrodes 3, 4 and. the axis of 
polarization of the piezo-electric layers lb, lc on 
both sides .of "the internal electrodes. 2b is reversed at 
the same time ( secondary polarization) . In this case 
also, secondary polarization is carried out to the 

15 extent that the degree Pr 2 of residual polarization! 
after the secondary polarization in the piezo-electric 1 
layers lb, lc in which the axis of polarization is 
reversed does not exceed the degree Pri of residual 
polarization after the primary polarization. In this 

20 case, as the axes of polarization of the piezo-electric 
layers lb, lc on both sides of the internal electrodes 
2b are reversed and the re-polarized layer is not 
present, the polarization conditions in the two layers 
lb, lc become the same, the distribution of the degree 

25 of polarization is made uniform and it is possible to 
make the size -of the degree of polarization of the two 
layers lb, lc the same. 

[0015] Figure 8 shows the change in the distribution of 
30 the degree of polarization in the piezo-electric layers 
lb, lc in the case in which secondary polarization has 
been carried out with the method • shown in Figure 7 . The 
arrow shows the direction of polarization. (a) is the 
distribution of the degree of polarization after primary 
35 polarization, it also has concave-shaped distribution, 
(b) to (d) show the change in the distribution of the. 
degree of polarization accompanying the progress in the 
secondary polarization. After the axis of polarization 
has reversed as a result of the secondary polarization, 
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polarization of the two layers^^o. 



the degree of polarization of the two layers^^b, 1c is 

approximately the same, the distribution of the degree of 
polarization in said layers becomes flat or approximately 
convex-shaped and the degree of non-uniformity of the 
5 distribution of the degree of polarization of both layers 
lb, lc is reduced. Then, a secondary polarization is 
carried out until the degree Pr 2 of residual polarization 
and the degree Pri of residual polarization resulting 
from the primary polarization approximately correspond, 

10 the two layers lb, lc both have, as shown in (c) , flat orf , * 
approximately convex-shaped distribution, and the degree \ ' t 
of polarization becomes high, becoming an ideal -\ V- ~i% 

distribution . If the secondary polarization is progressed j VA.-t 
further, the distribution becomes concave-shaped as in * " - ' Ty t 

15 (d) . Therefore, by setting the secondary polarization (" ,rC V ^ 



conditions in such a way that Pri > Pr 2 , it is possible 
to obtain the stacked piezo-electric element 1 which has ;, - r : ^ '^>^ 
a distribution of the degree of polarization which is G 
uniform when considered as a whole. 



[0016] As in Claim 4, it is desirable to carry out the 
primary polarization step on a block-shaped stacked 
piezo-electric element and the secondary polarization 
step on a strip-shaped stacked piezo-electric element., j 
25 \ In other words, in order to increase the productivity, 

the primary polarization and secondary polarization may ; 
both be carried out on a block-shaped stacked piezo- 
electric element but since, as shown in Figure 3, the 
non-uniformity of . the distribution of the degree of 
30 polarization at the time of the primary polarization 
appears in a three-dimensional form, the non-uniformity 
of the degree of polarization is difficult to eradicate 
if the secondary polarization is carried out on an 
{ unchanged block-shaped state. In this respect, if the 

35 secondary polarization is carried out after the piezo- 

i 

electric element has been cut into strip shapes, i.t . 
becomes possible to make the d ispersion between the 
strips and within a strip small by virtue of the fact 
that the strength of the electrical field and timing 
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can be set . in accordance with the distribution of the 
degree of polarization of the strips. 

[0017] As, in the case of Claim 1, a stacked piezo- 
5 electric element on which primary polarization has been 

carried out is polarized uniformly in the thickness } f 
direction, lengthwise oscillations are not excited. In ^ '"f 
this respect, a difference DF 'between the resonant j ... 
frequency of the lateral oscillation mode and the anti- '. 

10 resonant frequency is ( found and this is set as the i 
degree of polarization. * On the other hand, as the i 
stacked piezo-electric element on which secondary 
polarization is carried out has the layer with an 
opposite direction of polarization, longitudinal 

15 oscillation is excited and the difference df between 
the resonant frequency of this longitudinal oscillation 
mode and the anti-resonant frequency is found and is 



set as the degree of polarization .| As it is not 
possible to compare two types" of degrees of 
20 polarization with different modes of oscillation in 
this way without modification, the lateral oscillation 
DF of the stacked piezo-electric element after the 
primary polarization is converted into a. coefficient K 
of electromechanical coupling and set as the degree ■ Pri 
25 of residual polarization, while the df of the 
longitudinal oscillation of the stacked piezo-electric 
element after secondary polarization is converted into 
a coefficient K of electromechanical coupling and set 
as. the degree . Pr2 of residual polarization, and by 
30 comparing these degrees, Pr x , Pr 2 , of residual 
polarization it is possible to determine the scope of 
secondary polarization. ' In addition, in the case of 
Claim 3, as there is a layer with an opposite direction 
of polarization as a result of the step carried out on 
35 the stacked piezo-electric element during which primary 
polarization was performed, longitudinal oscillation is 
excited. For this reason, it is possible to obtain both 
the degree Pr x of residual polarization of the primary 
polarization and the degree Pr 2 of residual 



polarization of the secondary polarization^^rom the 
values acquired by converting the difference df between 
the resonant frequency of the longitudinal oscillation 
and the anti-resonant frequency into a coefficient K of 
5 electromechanical coupling. 

[0018] 

[Embodiments of the invention] Figure 9 shows, for the 
specific PZT type of piezo-electric ceramic, the change 

10 in the degree Pr 2 of polarization of the layer in which 
the axis of polarization is reversed (referred to as 
the polarization reversal layer) in a strip at the time 
when the applied voltage of the secondary polarization 
is changed, when the degree Pri of residual 

15 polarization of the primary polarization is set to 50 
kHz, and Figure 10 shows the distribution of the degree 
of polarization at the points A to F in Figure 9. It is 
to be noted that, for reference, Figure 9 shows the 
change in the degree of polarization of the piezo- 

20 electric layers' when the applied voltage is changed 
(referred to as normal polarization layers) . The 
thickness of the polarization layer is set to 0.56 mm. 

[0019] In Figure 9, as is apparent from Figure 10, in 
25 the polarization reversal layers the increase in the 
voltage of the secondary polarization is accompanied by 
depolarization, the axis of polarization is reversed at 
approximately 900 V, and after this the degree of 
polarization increases. After the polarization 
30 reversal, when the secondary polarization voltage 
approaches approximately 1000 V, the degree Pr 2 of 
residual polarization of the polarization reversal 
layer becomes approximately 50 kHz and the degree Pri 
of residual . polarization of the primary polarization 
35 becomes approximately equal. In the interval (see 
points D and E) up until the secondary polarization 
voltage approaches 900 V to approximately 1000 V, the 
distribution of the degree of polarization is almost 
flat or approximately convex-shaped and it is apparent 
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that when it reaches more than approximately 1000 V 
(see point F) , the distribution of the degree of 
polarization becomes concave-shaped. Accordingly, the 
secondary polarization voltage in this case can be set 
such that Pri > Pr 2 , in other words within the range 
900 V to 100 V. 



[0020] It is to be noted that until 500 V is exceeded 
in the normal polarization layer, the degree of 

10 polarization remains at zero, but after this the degree 
of polarization increases. In the meantime, the 
distribution of the degree of polarization within the 
strip remains the same, i.e. concave-shaped, and does 
not change. Figures 9 and 10 do not show piezo-electric 

15 layers in which re-polarization has been carried out, 
but in the case of layers where re-polarization has 
occurred, the electrical field for the secondary 
polarization is not changed to the extent that the 
degree of polarization for the primary polarization is 

20 exceeded, and the degree of polarization of the 
secondary polarization does not become superior until 
the degree of polarization of the primary polarization 
is exceeded. In the meantime, the distribution of the 
degree of polarization inside the strip remains the 

25 same, i.e. the concave-shaped states, and does not 
change, in the same way as the layer with normal 
polarization . 

[0021] An embodiment of the method for polarizing a 
30 stacked piezo-electric element according to the present 
invention and a comparative example will be explained 
below. In the embodiment example, a stacked piezo- 
electric element of the PZT type is used as the 
material for the longitudinal piezo-electric resonator 
35 element (df = 55 kHz) . 



[0022] (First embodiment) Figure 11 shows a 
manufacturing process for a longitudinal mode piezo- 
electric resonator element.. Firstly, a conductive paste 
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for the internal electrodes, containing silver, 
palladium, organic binder and the like is applied to 
one side of green sheets composed of piezo-electric 
ceramics, and said sheets are stacked alternately, and 
5 a block-shaped piezo-electric element 1 with the 
dimensions 20 mm x 30 mm x 3.9 mm is formed by baking 
integrally at approximately 1200°C. Then, front and 
rear electrodes 5, 6 are formed on the front and rear 
faces of this block 1, direct current electrical fields 

10 are applied between the front and rear electrodes 5, 6 
in a constant temperature vessel and primary 
polarization is carried out (see Figure 11 (a)). The 
conditions of the primary polarizati on ar e set such \ ( j ^ ~- 
that the electrical field is ( 1 . 5 _kV/mm, ; the 

15 polarization period is 10 min, and the maintained 
temperature is 70°C. After this, etching processing was 
carried out under the conditions of 150°C x 1 hr. 

[0023] Then, side-face electrodes 3, 4 for extending the 

20 internal electrodes alternately outwards are formed on 
the side faces of the block-shaped stacked piezo-electric 
element 1 after the primary polarization. Using a dicer 
this piezo-electric element 1 is cut into strips with a 
width of one component in the vertical direction with 

25 respect to the internal electrodes 2a to 2c. A direct 
current electrical field is applied to the cut strips 1A 
by means of the side-face electrodes 3, 4 and secondary 
polarization is carried out (see Figure 11 (b) ) . At this 
time, the degree of polarization of individual strips 1A 

30 is set to a specific value by controlling the 
polarization time. The secondary polarization conditions 
are set such that the electrical field is 1.5 kV/mm and 
the polarization . temperature is constant at 70°C. By 
controlling the polarization time, the polarization (the 

35 degree of polarization of the strip corresponding to the 
degree df = 55 kHz of longitudinal mode element 
polarization) is adjusted to a specific degree. After 
this, etching processing is carried out under the . 
conditions of 250°C x 1 hr. 




[0024] The range of the secondary polarization is set 
such that the value obtained by converting the 
difference df between the longitudinal oscillation mode 
resonant frequency and the anti-resonant frequency of 
5 the strip 1A after the secondary polarization to a 
coefficient of electromechanical coupling K (the degree 
Pr 2 of residual polarization) does not exceed the value 
obtained by converting the difference DF between the 
lateral oscillation mode resonant frequency and anti- 
10 resonant frequency of the block 1 after primary 
polarization (degree Pr x of residual polarization) . In 
other words 
Pri > Pr 2 

for the strip 1A after secondary polarization, and 
15 every other one of the electrodes which have been 
exposed on the side faces is covered with insulating 
material and a silver electrode is formed on top of 
these. This is cut using a dicer and a longitudinal 
mode piezo-electric resonator element IB with the 
20 dimensions 1.5 mm x 1.5 mm x 3.8 mm is obtained (see 
Figure 11 (c) ) . Because the specific design of this 
piezo-electric resonator element IB is the same as 
Figure 1 an explanation is omitted here. 

25 [0025] (Comparative example) A block-shaped stacked 
piezo-electric element is formed using the same method 
as in the . first embodiment example, side-face 
electrodes for alternately extending outwards the 
internal electrodes are formed in the side faces of 

30 said stacked piezo-electric element and a direct 
current electrical field is applied to the side-face 
electrodes of the stacked piezo-electric element in a 
constant temperature vessel and polarization is carried 
out (see Figure 2). The conditions for the polarization 

35 are set such that the electrical field is 1.5 kV/mm and 
the maintained temperature is constant at 70°C. By 
controlling the polarization time, the degree of 
polarization is adjusted to the specific degree of 
polarization DF = 2.0 ± 0.2 kHz. The degree DF of 
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polarization in this case is obtained^rom the 
difference between the lateral oscillation mode 
resonant frequency and anti-resonant frequency of the 
block. After this, etching processing is carried out 
under conditions of 250°C x 1 hr and a longitudinal 
mode piezo-electric resonator element is obtained by 
cutting to specific dimensions. 



[0026] The frequency, characteristics of the impedance 
10 of the two types of components obtained in the 
abovementioned way are set and the value df = 55 kHz is 
obtained as the difference between the resonant 
frequency and anti-resonant frequency. Tables 1 and 2 
show comparisons of the batch fluctuations in the 
15 degree df of polarization and resonant frequency fr of 
the first embodiment example and comparative example in 
the special classification processes. 5 n -i is the 
standard deviation, and r is the difference between the 
maximum and minimum values. 

20 

[0027] 
[Table 1] 
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Key 

- First embodiment example - 
© Evaluation method (three batches) 

Evaluation batch 
® Average value 
(D Batch 
<D Unit: kHz 

Comparative example 

Evaluation method (five batches) 
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[Table 2] 
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7.00 


7.00 


6.00 
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[0029] As is clear from Tables 1 and 2, if comparisons 
are made using the average values of the standard 
deviation 5 n -i of df, in the first embodiment example 

20 said average value is 0.91 kHz and in the case of the 
. comparative example it is 2.04 kHz, and compared with 
the comparative example with the first embodiment 
example it was possible to improve the dispersion of 
the degree df of polarization by approximately 1/2. In 

25 addition, if comparisons, are made using the average 
values of the standard deviation 8 n -i of the resonant 
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frequency fr, in the first embodiment ex^le said 
average value was 1.01 kHz and in the comparative 
example it was 1.28 kHz, and it was possible to improve 
the dispersion of the resonant frequency fr by 
5 approximately 30%. 

[0030] (Second embodiment example) Figure 2 shows a 
manufacturing process for a second embodiment example 
of the longitudinal mode oscillation resonator element. 

10 In this embodiment example, the primary polarization 
was carried out a plurality of times at the stage of 
the block 1 (se'e Figure 12 (a) and 12 (b) ) , and the axis 
of polarization was reversed over the whole of the 
block 1. In this case, the difference AP 2 between the 

15 centre, part and the edge part becomes small, in the 
same way as in the polarization reversal in Figure 4, 
and at the stage in which the piezo-electric element is 
cut into strips 1A in (c) , the dispersion of the degree 
of polarization (concave-shaped distribution) between 

20 the strips 1A and inside the strips 1A becomes small. 
For this reason, if secondary polarization is carried 
out in ( c) , the concave -shaped distribution of the 
degree . of polarization of the piezo-electric layer lc 
which has been re-polarized after secondary 

25 polarization is made uniform. It is to be noted that 
the number of processes in (b) is not limited to one, 
and said process may be executed a plurality of times.. 



[0031] Table 1 shows the batch deviation of the degree 
30 df of polarization and resonant frequency fr in the 
second embodiment example. As is apparent from Table 3, 
the average value of the standard deviation 5 n -i of the 
degree df of polarization is 0.85 kHz, and the average 
value of the standard deviation 8 n -i of the resonant 
35 frequency fr is 0.96 kHz, so that it was possible to 
achieve a further improvement in the dispersion in 
comparison with the first embodiment example. 
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Key to table 

© - Second embodiment example - 
© Evaluation method (three batches) 
10 (D Average value 

© Evaluation batch 
® Unit: kHz 

[0033] (Third embodiment example) Figure 13 shows the 
15 manufacturing process for the longitudinal mode piezo- 
electric resonator element according to the third 
embodiment example. A conductive paste for the internal 
electrodes, containing silver, palladium, organic 
binder and the like is applied to one side of green 
20 sheets composed of piezo-electric ceramics, and said 
sheets are stacked alternately, and a block-shaped 
piezo-electric element 1 with the dimensions 
20 mm x 30 mm x 3 . 9 mm is formed by baking integrally 
at approximately 1200°C. Then, side-face electrodes 3, 
25 4 for alternately extending the internal electrodes are 
formed in the side faces of the stacked piezo-electric 



element 1 and a direct current electricai^^ield is 
applied between the side-face electrodes in a constant 
temperature vessel and primary polarization is carried 
out (see 13(a)). The conditions for the primary 
5 polarization are such that the electrical field is 
1.5 kV/mm, the polarization time is 10 min and the 
maintained temperature is 70°C. After this, etching 
processing is carried out under conditions of 
150°C x 1 hr. 

10 

[0034] Then, using a . dicer, the etched block-shaped 
stacked piezo-electric element 1 is cut up into strip 
" shapes with a width of one component In the vertical 
direction with respect to the internal electrodes. A 

15 direct current electrical field is applied to the cut- 
out strips 1A by means of the side-face electrodes 3, 4 
.and secondary polarization is carried out (see 
Figure 13 (b) ) . At this time, the direction of the 
application of voltage to the strips 1A is made the 

20 opposite of that with the primary polarization. By 
controlling the polarization time, the degree of 
polarization of the individual strips 1A was set to 
specific values. The conditions for the secondary 
polarization are such that the electrical field is 

25 1.5 kV/mm, and the polarization temperature is 70°C. By 
controlling the polarization time, the polarization is 
adjusted to a specific degree (degree of polarization 
of the strip corresponding to degree of polarization of 
the longitudinal mode element df ="55 kHz). After this,. 

30 etching processing is carried out under, conditions of 
250°C x 1 hr. 

[0035] The range of the secondary polarization was set 
such that the value obtained by converting the 
35 difference df between the longitudinal oscillation mode 
resonant frequency and the anti-resonant frequency of 
the . strip after the secondary polarization to a 
coefficient K of electromechanical coupling (the degree 
Pr 2 of residual polarization) did not exceed the value 




obtained by converting the difference DF between the 
lateral oscillation mode resonant frequency and anti- 
resonant frequency of the block 1 after primary 
polarization (degree Pri of residual polarization) . In 
5 other words 
Pri > Pr 2 

for the strip 1A after secondary polarization, and 
every other one. of the electrodes which have been 
exposed on the side faces is covered with insulating 

10 material and a silver electrode is formed on top of 
these. This is cut using a dicer and a longitudinal 
mode piezo-electric resonator element IB with the 
dimensions 1 . 5 mm x 1 . 5 mm x 3 . 8 mm Ts obtained . The 
structure of this piezo-electric resonator element IB 

15 is the same as piezo-electric resonator element 
according to the first embodiment example. 

[0036] The frequency characteristics of the impedance 
of the piezo-electric resonator element in the third 

20 embodiment example and the piezo-electric resonator 
element in the comparative example are measured and a 
value df = 55 kHz is obtained as the difference between 
the resonant frequency and anti-resonant frequency. 
Table 4 shows batch deviations for the degree df of 

25 polarization and resonant frequency fr in the third 
embodiment example. As is apparent from Table 4, the 
average value of the standard deviation 5 n _i of the 
degree df of polarization is 1.03 kHz and the average 
value of the standard deviation 8 n -i of the resonant 

30 frequency fr is 0.92 kHz so that, compared to the first 
embodiment example, the dispersion of the degree df of 
polarization is slightly larger but the dispersion of 
the resonant frequency fr is very much smaller in the 
third embodiment example. 
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Key to Table 4 

10 © - Third embodiment example - 
© Evaluation method (3) 

Averaqe value 
® Evaluation batch 
(D Unit kHz 

15 

[0038]. The polarization method according to the present 
example is not limited to the abovementioned embodiment 
examples. For example in Figures 11 to 13, secondary 
polarization was carried out .only once on the strip- 

20 shaped piezo-electric element 1A but secondary 
polarization may also be repeated a plurality of times. 
In other words, the reversal of the axis of 
polarization by reversing the direction of the 
electrical, field may be repeated a plurality of times. 

25 In addition, considering mass ' production and 
distribution of the degree of polarization, primary 
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polarization was carried out on the bl^^-shaped 

stacked piezo-electric . element and secondary 
polarization was carried out on the strip-shaped 
stacked piezo-electric element, but it is also possible 
to carry out primary polarization and secondary 
polarization on a block-shaped stacked piezo-electric 
element, and it is also possible to carry out primary . 
polarization and secondary polarization on a strip- 
shaped stacked piezo-electric element. 

[0039] It is to be noted that in the first embodiment 
example and second* "embodiment * example ■ (Figures 5, 6, 
IT, 12) , the degree of residual polarization of the 
piezo-electric layers in which the axis of polarization 

15 has been reversed is provisionally set to Pr 2 and an 
explanation given. In order to make this easy to 
understand, it has been presented in a schematic form, 
and in fact in these examples the entirety of the strip 
after secondary polarization (including the layers with 

20 repolarization and the piezo-electric layers in which 
the axis of polarization has been reversed) have been 
excited in longitudinal oscillation mode and their 
degree of residual polarization has been set to Pr 2 . 

25 [0040] 

[Effects of the invention] 

It is apparent from the above explanation, in the 
method according to Claim 2, if secondary polarization 
which reverses only the axis of polarization of the 
30 piezo-electric layer on one side of the internal 
electrodes is carried out after primary polarization 
^which polarizes the stacked piezo-electric element 
uniformlyj in the thickness direction has been 
performed, secondary polarization is carried out to 
35 such an extent that the degree Pr 2 of residual 
polarization after the secondary polarization [in the 
piezo-electric piezo-electric layers in which the axis 
of polarization has been reversed^ does not ' exceed the 
degree Pri of residual polarization after the primary 



polarization so that it is possible to^^top the 
secondary polarization at the extent in which the 
distribution of the degree of polarization of the 
piezo-electric layers in which the axis of polarizat ionj 
5 has been reversed has become convex-shaped or flat. For', 

i • 

this reason, the distribution of the degree ofl 

i . 

polarization in the piezo-electric layers in which theS 
axis of polarization has been reversed is convex-shaped 
or flat and the distribution of the degree of j 
10 polarization in the piezo-electric layers in which the j 
axis of rotation has not been reversed is concave- ; 

i 

shaped with the result that, if the stacked piezo-; 
electric element is considered as a whole, an almost; 
uniform distribution of the degree of polarization is 
15 obtained. As a result, when the stacked piezo-electric 
element is cut out and used, its scope of use is made 
larger and the yield is improved. 

[0041] In addition, in the method according to Claim 2, 

20 if secondary polarization in which the axes of 
polarization of the piezo-electric layers on both sides 
of the internal electrodes are reversed after primary 
polarization in which the piezo-electric layers on both 
sides of the internal electrodes are polarized 

25 oppositely to one another is carried out, secondary 
polarization is carried out to such an extent that the 
degree Pr 2 of residual polarization after the secondary 
polarization in the piezo-electric layers in which the 
axis of rotation has been reversed does not exceed the 

30 degree Pri of residual polarization after the primary 
polarization so that there are no longer any piezo- 
electric layers without reversal of the polarization 
and it is possible to make the distribution of the 
degree of polarization more uniform and make the degree 

35 of polarization of adjacent piezo-electric * layers 
almost equal so that satisfactory resonance 
characteristics can be obtained. 



[Brief description of the figures] 
Figure 1 is an oblique view of an example 
electric resonator element according to 
invention . 

5 

Figure 2 shows a method of polarizing a stacked piezo- 
electric element according to the prior art. 

Figure 3 is an oblique view showing the distribution of 
10 the degree of polarization of a block-shaped piezo- 
electric element which has been polarized using the 
method in Figure 2. 



Figure 4 shows the distribution of the degree of 
15 polarization at the beginning of polarization and at 
the time when the polarization is reversed. 

Figure 5 is a process diagram showing an example of the 
polarization method relating to Claim 1. 

20 

Figure 6 shows the change in the distribution in the 
degree of polarization in two adjacent piezo-elect ric 
layers at the time when the polarization method shown 
in Figure 5 has been carried out. 

25 

Figure 7 is a process diagram showing an example of the 
polarization method relating to Claim 3. 

Figure 8 shows the change in the distribution of the 
30 degree of polarization in two adjacent piezo-elect ric 
layers at the time when the polarization method shown 
in Figure 7 has been carried out. 

Figure 9 shows the change in the degree of polarization 
35 in a layer with a reversal of the. polarization at the 
time when the applied voltage for secondary 
polarization has been changed. 



of a piezo- 
the present 



Figure 10 is a figure showing the distribution of the 
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- 32 - 



degree of polarization at the points A^^o F in 
Figure 9. 

Figure 11 is a process diagram showing an example of 
5 the polarization method in the first embodiment example 
according to the present invention. 

Figure 12 is a process diagram showing an example of 
the polarization method in the second embodiment 
10 example according to the present invention. 

Figure 13 is a process "diagram showing an example of 
~ the polarization method in the third embodiment example 
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according to the present invention. 



[Key to symbols] 

1 Block-shaped stacked piezo-electric element 

1A Strip-shaped stacked piezo-electric element 

IB Component-shaped stacked piezo-electric 

20 element 

la to Id Piezo-electric layers 

2a to 2c Internal. electrodes 

3, 4 Side-face electrodes 

5, 6 Front and rear electrodes 
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Key to Figures 10 and 13 

1 Degree of polarization (kHz) 

2 Distribution of degree of polarization inside 
5 strip with V = 600 volts 

3 Distribution of degree of polarization inside 
strip with V = 920 V 

4 Distribution of degree of polarization inside 
strip with V = 750 V 

10 5 Distribution of degree of polarization inside 
strip with V = 950 V 

6 Distribution of degree of polarization inside 
strip with V = 849 volts 

7 Distribution of degree of polarization inside 
15 strip with V = 980 V 

8 Component no . 



Key to Figures 1-9 

1 Degree of polarization 

2 Initial polarization 

5 3 Reversal of polarization 

4 primary polarization 

5 secondary polarization 

6 primary polarization 

7 secondary polarization 
10 8 Degree of polarization 

9 Equivalence 

10 Degree of polarization 



11 Dependence of biasing electrical field on degree 
of component polarization in edge-face electrodes 

15 of strip 

12 Degree of polarization 

13 Volts 

14 Reverse polarization 
Normal polarization 
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